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EFFECT OF ACROBELOIDES ^ANUS (NEMATODA: CEPHALOBIDAE) UPON THE 
SURVIVAL OF PSEUDOMONAS CORRUGATA (EUBAC TERIA) IN PASTEURIZED 
SOIL FROM KAPUNDA. SOUTH AUSTRALIA 
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Siirnmary 

Hydkr, M. H. & Bird, A. R (1993) Effect of Acn‘heMt(cx nanus (Ncmalodu: Cephalubidtit') upon ilie Mitvivul 
of Pseudomonas comixaia (Eubacieria) in pasteurized soil from Kapunda, South Australia. Tnans. X. Soc. S. 
Ausi. 117(4), 179-182. 30 November, 1993. 

Acraheloides na/ius and Pseudomonas corniaala were co-inocul.sted into Ike same pasteurized fidd soil. The 
population of the nematode increa,sed ten-fold in eight weeks, whereas the populatltm of ihc bacfetia derteased 
with time, in all cases, Attci eight weeks at 15“C. the population of llie introduced bacteria was significanily 
lower where A. nanus had been added to the soil. At 22 1 the population of P. comtgasa was much lower irrc.speaive 
of the presence or absence of A. nanus. The feeding of (icniaiodes oo baderia m soil helps to explain llie observed 
decrease in the population of microbial control ai^nts introduced into the soil in Held experiments. 
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Intruductiuu 

With incrcaMtd interest in the use of biological 
control agents a.s allernaiives lo chemical comirsl 
measures has come an interest in the fate of the.se 
biixYpniiul agents in (he soil. In particular, information 
on die eflecl that bacterial-feeding nematodes may have 
on bacterial biocoiutol organisms is sparee. Accotding- 
ty, we have isolated, cultured and microscopically 
examined a biocontrol bacterium and a nematode from 
the same agricullural soil and have sludied thdr 
relationship both on agar plates and in ilte soil. 

The bacterium Pseudonwiuts corruguta isolate 2M0R 
is a biocontiol agent against the roui-pathogentc fiuigus 
Gaeumannomyces graminis 'Jan. irtiid (Ryder & Roviia 
1993). This fungus causes the root disease take-all 
which is responsible for serious yield losses in cereal 
emps in southern Australia and elsewhere in the wortd. 
P. cnrrugaui 2I40R is a rifampicin-resistant derivative, 
of the parent strain and is. therefore, easily identified. 
The nematode which we used was Acrvbehides wwav 
(Anderson I9t>8; Bosirdm & Gydemo 1983; Nicholas 
& Stewart 1989, Bird <•/ al. 1993), a cosmopolitan, 
bacterial-feeding, free-living organism that is 
widespread in agricultural and arid soils Ihnoughout 
Australia. The nematode A. nanus can u-se the 
bacterium in vitm as a nutrient source and is able to 
complete lu life cycle and reproduce while feeding only 
upon P. corrugata (Bird & Ryder 1993). We show that 
the ptcscnce of -•4. nanus can lead to a reduction of 
bacterial numbers when both oiganisms are Inoculated 
into pasteurized soil. 
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Materials and Methods 

Ntmaiode 

Acmbeloides naniu was isolated, hy means of a 
misting apparatu.s, from the diy soil, collected six yeare 
previously (in 1986), from which P. corrugata hatl 
originally been isolated (Bird & Ryder 1993). 

Bacteria 

Pseudomonas comigaia 2140 was isolated originally 
from the rhizosphere of wheal seedlings that liad been 
grown in a field soil, a red-brown earth pH 6, collected 
from Wigga Wagga, New South Wales (Ryder & Rovira 
1993). The ritampiciri-resistant derivative P corrugata 
2I40R was isolated as a spontaneous mutant growing 
cm Nutrient Agar, by J. Brackin, Monsanto Co., St 
Louis. USA. 

Soil and pasteurization conditions 
Field soil, a sodic red-brown earth (State er al. 
1968) j, more recently defined as a line n',i.xed Ihemnic 
calcic natrixeralf (Soil Survey Staff 1990), from 
Kapunda, South Au.siralia. that had been air-dried and 
sieved (<3 mm) was used in our experiments. 
Immediately prior to use, it was steam sterilized at 
75 'C for 15 min m order lo kill all nematodes bin not 
all bacteria. 

Inoculation of soil with bacteria and nematodes 
Treatments consistetl of nematodes + bacteria 
(-!• N-l-B), nematodes alone (N), bacteria alone (B) and 
controls without either. Fach treatment was replicated 
five tinie.s. The experiments weie run at 1.5 "C and 22 “C 
and were harvest at eight weeks from commence- 
ment. 

The nematodes, grown on P. cortirtgaw 2140. the 
parent bacterial strain which is sensitive to 




180 



M.H. RYDER & A.F BIRD 



rifampicin, on mall exuact agar (Oxoid'i were washed 
from the Petri dishes with .sterile distilled water, 
centrifuged three times in sterile distilled writer (200 
y- g for 10 Tiiin) and added as aliquots to the soil 
samples. In die +N+B treatment, bacteria were added 
to the suspension of nematodes immediately prior Ui 
inoculation of the soil. At the coiomencenicnf of the 
expei lmenl. samples (20 g) from all lour tieatmcnts 
were placed on a misting nematode-extraction 
apparatus and llie nematodes in the elaate were 
ixiuntcd. The -t-N+B neatment yielded four nematodes 
pel g of dry soil, and +N alone five. No nematodes 
were found in the soils with added bacteria (-t-B) or 
in the controls (C). 

Bacteria (P comtgata strain 2I40R) were grown on 
Nutrient Agar (Difeo), containing rifampicln 
(Boehi iiigcr) at 100 mg per litre, for two days at 25°C 
The cells were harve.sted by washing the plaie with 
4 nil sterile distilled w'aler. The cell density was 
adjusted to ca. 2 X lO’ colony-fbnning units (efu) per 
ml before inoculation of soil. The starting population 
of P corrugata was taken as the number of rifiimpicin- 
rcsisuint bacteria recoverable from the soil 30 min alicr 
inoculation Five replicate samples w-ere processed ibr 
dilution plating. The initial bacterial populations were 
I..^ X 10* dti/g dry soil ( + B) and 1.17 -< 10* efu/g 
dry soil (-(-N+B). 

'file air-dried soil was wet initially to 12% (w/v) with 
distilled water. 20 g portions of moist sod were 
dispensed into sterile contamers (plastic-capped, 
120 ml capacity). Either nematodes (f N) oi bacteria 
(-I-B) alone were added to the soil in 1 ml. For addition 
of both organisms together ( -f N-l-B), the .suspensions 
nt nematodes and bacteria were mixed and then added 
to the soil in 1 ml. .Sleiile distilled water (1 ml) wax 
iulcled to the control ire,ttment. The orgamsms were 
mixed into Ihc soil thoroughly using it glass rod that 
had been wiped with ethanol, but the mixing was done 
gently to preserve the nematodes. The I'mal watet 
content of the soil was 19.4% (w/w dry soil). 

lijciihotion condhions 

The containers with treated soil were incubated in 
darkness at eitlier 15 'X? or 22T Tliev- were capped 
tighily. but once each w-ee), the lids were removed for 
several seconds in a InminaT tlow cabinet, to allow gas 
exchange to occur. The incubation period was eight 
weeks. 

Isfiluiwn and enumemtion of bacteria 
Sterile distilled water was added to each container 
so that the total volume of soil and liquid was 70 ml. 
The container was shaken gently for 30 sec to allow 
the soil aggregates to disperse. One ml was taken for 
analysis of bacterial populations by dilution plating. 
I he selective medium used was Nutrient ,\gar 
uinlaining cycloheximidc (75 mg/1) and rifampicin 



(100 mgil). The droplet plating meiluxi (three replicate 
10 droplets) was iisetl except for the controls (Cl 
where 0. 1 ml of the undiluted suspension wtis spread 
on tlie plate. Bacterial colonies were counted after two 
days at 25 "C. 

fsolatian and irnw/ing of netmtodeu 

'The nematodes in the remaining 69 ml of sod 
suspension were isolated by means of Scinhorst's two 
llask technique followed by sieving and counting 
(Hooper 1986). 

Statistics 

Fopulations of nomaiixie.s and bacteria were- analysed 
an analysis ol variance of log-transformed data 
(Genstat Vcrsioti 5) 

Results 

The populations of both A. nanus and P, conusaiu 
after eight weeks in pasteurised Kapunda soil at l.SXl 
or 22 'C are shown tn Figs I & 2. There were no 
significant difference.s in populations of A. nanus at 
either temperature after eight weeks (bacterial 
treatment; F=0.18, p=0.68; leinpcrature: F=1.29, 
p=(l.27). Where nematodes were added their numbers 
had incteased at least ten-fold since the commencement 
of the experiment. Addition of A. nanus significantly 




Fig i. Histogram showing no signilicant diffeiiEnce in 
immbeni of ucmatodes at either temperature after eight 
weeks irrespective, of whether bneteri a were added Or not 
Error burs represent standard error (SE) ul llie mean 
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Fig 1 Hisiogram (showing a iigiulicaol decrease In bacterial 
nuinbcpv (tfter eight weeks at 13 °C when nematodev weic 
preseni, 



reduced the poiHiIntion ofP. cornmiu iivcr cig;lu weeks 
ill I5“C (ilciiiat'uJe Irealment: F=I3.49, 7 j< 0,(.X)1. 
tentpcwiure: F-1B.33, p<0,00l-. interaction between 
nematode treatment and lenipeiature: P=3.76, 
/t=Q038). Numbers of P. comigata decreased eight- 
Jold in the presence of 4 mmu^ compared to two and 
three qiianer^tbld m the absence of the nematode At 
2'.2 °C over this period of rime, bacterial nuititers were 
reduced, to appioximately one twentieth of the 
population at the start of the eitpcnmeiK. irjcsptvitse 
of whether or not nematodes were present. 

Discussion 

The presence of A. minus tn the soil significsntly 
reduced die population of P. cijrrugato after eight 
weeks ai I5“C. This temperature closely resembles 
wintcj soil teni|>etaiutes in Ihe held in South Au.stnilta. 
when biological control of G grum/ttis var. /n'lia by 
P corwgiUa has been tested. Our results provide a 
possible explanation for the observed decrease in 
numbers of pseudomonads in hiocootrol experiments 
conducted in the field (Weller 1983; Rydei etal. 1990). 

.After eight weeks at 22X1, the numbers of 
F. (urrugata were much reduced. This occurred 
irrespective of whcdicf A. nanus wa.s present or not. 
This suggests that competitinn with other bactena. with 
growth opfiros. close to 22 ‘C. may be responsible for 
the decline in numbens of P. corrugata in the soil. 'IhLs 
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decrease in numbers of P. comtgam is probably not 
due to incteased lempcrature because its growth rate 
W(TO is higher .it 20 30“C than Ht bX (Ross & 
Ryder, unpubl.). 

Paslcui i/ation of the soil rosultevi in Ihe dearth of all 
soil nematodes and many, but not all. of the bacteria. 
This meant that the P. enrrugata were introduced into 
a biicleriologically competitive soil envimninenl. One 
such competitor, yet to be identified, proved to be a 
bacterium that linmeil visible white patches on the 
surface of Ihe soil. These patches were considerably 
reduced in the presence ot the nematodes and were 
presumably fed upon by A mvms. 

The bacterial -feeding nematode A. nanus is both 
widespread in South Australian agricultural soils and 
is relatively abundant, forming 12-28% of the total 
nematode feuna in soil from field plots at Kapunda, 
SA, sampled in the spring of 1992 (Ycates & Bird in 
press). This is equivalent to 1-17 nemaiodes per gram 
of dry bulk soil. Thus the leveJs of added A. minus 
in the expenmem reported here, were representative 
of Humbert found naturally in the field. 

The ability of 4. tKmu.v, aryJ olher species of 
bactcria-feeding nematodes, ic graze on bacteria may 
affect die biocvintrol performance- of introduced 
bacteria. This may be particularly important for 
iiltAiduccd liacteria in the rhi/osphere. as there is 
es'idence that bacteria-fceding neniatndes can inhabit 
the thi/osphere in large numbers (Griffiths 1990), The 
relative populations of hactcrivorou.s nematxxles in the 
rhizosphere and bulk soil should also be of great 
mtcresi to those who wish to intnoduce specific 
bacterial strains into the rhizosphere. W'heihec the 
effect of .4. nartus in decreasing populations of P 
comtgata can be large enough Ui decrease bioconttnl 
perlormatice in a natural soil is not vet known. 

Interactions between rhizosphere or soil bacteria aral 
plant patfiogenic nematodes have been studied by 
Bookbinder ei nl (1982) In itieLr study, there were 
synergistic negative effects when the bacterial strains, 
ineJuding P vornigaui isolated from .symptoniless 
alfalfa roots, were inocvihUcd together with a range of 
plant pathogenic nematodes. However, as far ns we are 
aware, ours i,s die first report of the relationship 
between a specific soil bacterium .ami a bactcria-feeding 
nematode isutaicd from the some soil. Further studios 
along these lines with miciobivorous nemaioties and 
the bacteria upon which they feed are necessary steps 
in understanding both the eomplexityof the interactions 
between these organi.sms in the soil environment and 
the limitations on the sucxress of btorontail agents in 
controlling disease. Further research on these lines is 
also warranted because ihc.se ncinatodes are readily 
cultured, natural inhabitants of the soil whose 
htundalive release in other situation.s may prove to be 
of immense benelii in maintaining soil fertility while 
icdticing the uumbers of undesirable microorganisms. 
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